D ata from human and animal studies have shown an upregulated expression of toll-like receptors, particularly toll-like receptor 4, in cardiomyopathies and experimental cardiac dysfunction, 1,2 as well as in neurodegeneration. 3 Mutations in the toll-like receptor 4 gene have been associated with differences in lipopolysaccharide responsiveness, resulting in a differential production of pro-inflammatory cytokines. 4 Recently, a D299G polymorphism (rs4986790) in the TLR4 gene (LocusID 7099) has been found to be associated with altered risk of atherosclerosis in some, [5] [6] [7] but not all, 8, 9 studies. We investigated the role of the TLR4 D299G polymorphism as a risk marker for atherothrombosis in the Physicians' Health Study.
Materials and Methods

Study Design
We used a nested case-control design within the Physicians' Health Study. 10 Before randomization, 14 916 participants provided an EDTA-anticoagulated blood sample that was stored for genetic analysis. All participants were free of previous myocardial infarction (MI), stroke, transient ischemic attacks, and cancer at study entry. Yearly follow-up self-report questionnaires provide reliable information on newly developed diseases and the presence/absence of other cardiovascular risk factors. History of cardiovascular risk factors, such as hypertension, diabetes or hyperlipidemia, was defined by self-report of diagnosis at entry into the study. For all reported incident vascular events occurring after study enrollment, hospital records, death certificates, and autopsy reports were requested and reviewed by an endpoint committee using standardized diagnostic criteria.
The diagnosis of MI was confirmed by evidence of symptoms in the presence of either diagnostic elevations of cardiac enzymes or diagnostic changes on electrocardiograms. In the case of fatal events, the diagnosis of MI was also accepted based on autopsy findings. Stroke was defined by the presence of a new focal neurological deficit, with symptoms and signs persisting for Ͼ24 hours, and was ascertained from blinded review of medical records, autopsy results, and the judgment of a board-certified neurologist. Stroke was classified as ischemic, hemorrhagic, or unknown, on the basis of clinical reports, computed tomographic, or magnetic resonance image scanning.
Six hundred ninety-five cases were identified. For each case, a control matched by age, smoking history, and length of follow-up were chosen among those subjects who remained free of vascular diseases. The study was approved by the Brigham and Women's Hospital Institutional Review Board for Human Subjects Research.
Calif) with: forward primer, 5Ј-tga cca ttg aag aat tcc gat tagca-3Ј; reverse primer, 5Ј-ACA CTC ACC AGG GAA AAT GAA GAA-3Ј; D-allele specific probe, 5Ј-VICTAC CTC GAT GAT ATT ATT-3Ј; and G-allele specific probe, 5Ј-FAMCCT CGA TGG TAT TAT T-3Ј. Amplification reactions were performed on an ABI7900 Sequence Detection System according to the manufacturer's specifications.
Genotype scoring was performed by 2 independent observers. Discordant results (Ͻ1% of all scoring) were resolved by a joint reading and, when necessary, a repeat genotyping. Results were scored blinded to case-control status.
Statistical Analysis
Genotype frequencies among cases and controls were compared with values predicted by Hardy-Weinberg equilibrium using the 2 test. Relative risks associated with each genotype, with 95% confidence intervals, were calculated by conditional logistic regression analysis-an adaptation of the proportional hazards failure time model of Cox for a nested case-control designconditioning on the matching by age, smoking status, and length of follow-up since randomization, and further controlling for randomized treatment assignment, hypertension, diabetes, and body mass index. Prespecified subgroup analyses were also performed on the basis of smoking status, and the presence/ absence of other cardiovascular risk factors. A 2-tailed probability value of 0.05 was considered a statistically significant result.
Results
Baseline characteristics of cases and controls are shown in Table 1 . As expected, the case participants had a higher prevalence of hypertension and diabetes at baseline as compared with controls. All P values for the differences between patients (or subgroups of cases) and controls in genotype distribution were nonsignificant.
Crude indicates matched on age and smoking; adjusted, further controlling for randomized treatment group, body mass index, history of hypertension, and presence or absence of diabetes.
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The genotype frequencies for the control study population were in Hardy-Weinberg equilibrium. Thus, the genotype frequencies were similar between any arterial event, MI, or stroke, and controls ( Table 2 ). The crude conditional logistic regression analysis showed no significant association with risk of atherothrombosis ( Table 2) . Further adjustment for body mass index, hypertension, diabetes, and randomized treatment assignment yielded similar null findings (Table 2) . Although statistically nonsignificant, we observed a trend of risk reduction among stroke cases (Table 2 ). In the prespecified subgroup analyses, we found no evidence of an effect modification by age, smoking status, or other cardiovascular risk factor (data not shown), nor in analyses limited to ischemic stroke cases (data not shown).
Discussion
In our prospective investigation, we found little evidence of an association between the D299G polymorphism and risk of future MI or stroke, nor any effect modification by known cardiovascular risk factors. For the endpoint of MI, our data indicate a completely null effect (Table 2) , an outcome at odds with the findings by Kiechl et al. 5 It is thus important to consider alternative explanations for these apparent discrepancy.
The sample-size of our study, its prospective design, and the use of a closed population sampling scheme in which subsequent case status was determined solely by the development of disease rather than any selection criteria designed by the investigators all strongly reduce the possibility that our null result is caused by chance or bias. Further, the wide availability of covariate information in our study greatly reduces the possibility of residual uncontrolled confounding. Nonetheless, our study cohort consists of predominantly white males with distinct socioeconomic status (physicians), so our data cannot be generalized to other ethnic groups, women, and other populations. Because there are no in vivo/functional data related to D299G presented, further discussion regarding its biological implication is unwarranted.
Given this situation, an alternative hypothesis is that the D299G allele frequencies may differ importantly between studies, which could be caused by population/ethnic differences. In our study, the G299 allele frequency in our control group was 12.95%, a rate consistent with the overall control frequency of 12.36% observed in a cumulative analysis (Table 3) . By contrast, the control carrier frequency in the study by Kiechl et al was only 6.79%. Thus, one possibility is that the "protective" effect of the G299 allele observed in previous data are caused more by an underestimate of the background allele frequency than by any true increase in frequency among those with atherothrombotic diseases. This alternative explanation also helps explain 2 other null studies of the D299G polymorphism that have recently been presented 8, 9 (Table  3) . Of note, Kiechl et al reported an interaction of D299G with T399I variant, and further investigation of the interaction between these 2 variants is warranted.
In summary, these prospective data show little evidence of association between the TLR4 D299G gene polymorphism and risks of incident MI or stroke. 
